Cystic fibrosis (CF) is the most common autosomal recessive disease in Caucasians and is caused by mutations in the gene encoding the cystic fibrosis transmembrane conductance regulator (CFTR) (57) . This complex disease is characterized by chronic bacterial infection and inflammation of the airways, pancreatic exocrine insufficiency, gastrointestinal involvement, infertility in males, and inefficient salt absorption from sweat fluids (57) . The most common cause of death in CF is respiratory failure as a result of progressive pulmonary decline (47) due to chronic infections and inflammation (24) . It has not been resolved whether the excessive inflammation is simply a response to persistent infection (6) or whether the primary defect in CFTR directly contributes to the intrinsically higher excessive proinflammatory response (36) by CF respiratory epithelial cells (41) . Regardless of the exact etiology, the chronic lung inflammation remains largely responsible for the lifeshortening effects of CF. A hallmark of CF airway inflammation is accumulation of interleukin-8 (IL-8) acting as a chemokine, attracting polymorphonuclear cells/neutrophils, which in turn contribute to tissue destruction (8, 36, 38, 45) .
The predominant lung pathogen in CF is Pseudomonas aeruginosa, cultured in specimens from more than 80% of CF patients aged 26 years or older (24) . Many P. aeruginosa products, including lipoproteins, flagella, exopolysaccharide alginate, pili, lipopolysaccharide (LPS), and toxins (1, 14, 17, 20, 27) , belong in the general group of pathogen-associated molecular patterns (PAMPs). PAMPs reflect conserved microbial molecular features and are recognized by host cells via pattern recognition receptors (PRRs), which discriminate between self and pathogen products (34, 48) . Toll-like receptors (TLRs) and nucleotide-binding oligomerization domain (Nod) proteins are two classes of PRRs involved in innate immune detection (4) . Signaling from these receptors can result in activation of mitogen-activated protein kinases (MAPKs), NF-B, or type I interferon pathways (4, 48) . Pseudomonas challenge of human tracheobronchial epithelial cell cultures causes MAPK activation, besides NF-B, and is associated with IL-8 secretion (65) . MAPK activation by PAMPs has been demonstrated with various ligands, including bacterial lipopeptides, LPS, flagellin, and CpG DNA (2, 3, 23, 29, 58, 67, 69) . There are different patterns of MAPK activation, depending upon the stimulus and cell type, with p38 being the most common MAPK activated upon engagement of TLRs.
Signals from various PRRs are essential for innate immunity against P. aeruginosa (61). For example, TLR4 plays a protective role against cytotoxic P. aeruginosa (19) . Although P. aeruginosa LPS is a relatively weak TLR4 agonist (18) , LPS modifications seem to modulate its potency (27) . Pseudomonas flagella activate airway epithelia via TLR5 or through TLR2 in cooperation with aGM1 (1) . Pseudomonas ExoS stimulates both TLR2 and TLR4 (17) , while alginate rich in mannuronate may too act via TRL2 and TLR4 (21) . However, when innate immunity clearance fails, a continuing stimulation of PRRs can become a double-edged sword. We have recently shown that upon conversion to the mucoid, alginate-overproducing phenotype typically encountered in CF, P. aeruginosa upregulates a large number of lipoproteins, termed lipotoxins (20) , which further augment proinflammatory proteins. A P. aeruginosa lipotoxin has also been shown to play a role in the allergic response via prolonged stimulation of the TLR2 and TLR4 signaling pathways (55) . Interestingly, in the absence of normal recognition of P. aeruginosa pili by TLR2, there is a strong hyperreactive response modulated by TLR4 (42) , attesting to the contribution of PAMPs and PRRs to unproductive and potentially damaging inflammatory responses.
PRRs seem to be equally expressed in CF and non-CF respiratory epithelial cells, and their responses appear mainly indistinguishable (25, 46) , with the exception of aGM1-augmented effects on TLR2 signaling in CF cells (1, 46, 62) . In general, it is possible that continuous stimulation with bacterial products, instead of helping clear the microbes, stokes the runaway inflammation in CF. Although a number of candidate P. aeruginosa PAMPs have been identified (1, 17, 20, 27, 55, 62) , the full repertoire remains to be assessed, and it is not known at present whether even-more-potent stimulators of inflammation are generated by P. aeruginosa. Due to a large number of bacterial cells generally found in the CF lung, it is certain that the DNA released from the dying bacteria may act in a way similar to CpG oligonucleotides. The CpG oligonucleotides have been used to study TLR9 signaling, as they mimic the absence of CpG methylated motifs in bacterial chromosomal DNA (30, 40) . In this work we explored the possibility that P. aeruginosa DNA, due to its high GC content (66.6%) and hence overabundance of unmethylated CpG motifs, may act as a proinflammatory P. aeruginosa product. We tested whether P. aeruginosa DNA stimulated IL-8 secretion from human airway epithelial cells and investigated the signaling pathways controlling these processes.
MATERIALS AND METHODS
Bacterial strains and growth conditions. Nonmucoid P. aeruginosa PAO1 was from a stock originally received from B. Holloway. Mucoid P. aeruginosa PA578I (Alg ϩ ; mucA22) has the most common mucA mutation found in mucoid CF isolates (9) . Bacteria were grown in L broth.
Cell culture. The bronchial epithelial cell lines IB3-1 (⌬F508/W1282X heterozygote) and S9 (created by correcting IB3-1 cells via introduction of a functional CFTR) (16) were grown on LHC-8 medium (Bio-fluids, Rockville, MD) supplemented with 10% fetal bovine serum and antibiotics. Primary normal human bronchial epithelial (NHBE) cells were obtained from a commercial source (Cambrex Bio Science, Baltimore, MD) without identifiers (exempt status from the Institutional Review Board and NIH). NHBE cells were cultured in serumfree bronchial epithelial growth medium with BEGM Single Quots supplements (Cambrex Bio Science). CuFi1 cells, derived from a CF patient, were developed by J. Zabner (70) and were cultured in collagen (Sigma, St. Louis, MO)-coated flasks in serum-free bronchial epithelial growth medium supplemented with BEGM Single Quots (Cambrex Bio Science). All cells were grown at 37°C in 5% CO 2 . Submerged cultures of respiratory epithelial cells have been used as reported routinely in studies addressing immunological responses. All control samples contained carrier solvent added in equivalent amounts to the treatment specimens.
Genomic DNA preparations and CpG oligonucleotides. DNAs were prepared using a Wizard genomic DNA purification kit (Promega). All DNAs were suspended in DNase-free, LPS-free distilled water. DNA preparations were denatured before stimulation by heating at 95°C for 5 min, followed by rapid cooling on ice. For some experiments, DNA was methylated with 2 U/g DNA of CpG methylase M.SssI (New England Biolabs) for 4 h at 37°C. When indicated, DNA was digested with DNase I (Novagen) in 20 mM Tris-HCl, pH 7.5, containing 2 mM MgCl 2 and 1 U DNase I/g DNA for 1 h at 37°C, and DNase I was inactivated by heating for 5 min at 95°C. Human DNA was prepared from respiratory epithelial cells. Luciferase activity was assayed using the luciferase reagent (Promega), and ␤-galactosidase activity was assayed using the Galacto-Star luminescence system (Tropix, Bedford, MA). Transfection efficiency was controlled by standardizing luciferase activity to constitutive ␤-galactosidase production. Stimuli were human tumor necrosis factor alpha (TNF-␣) at 20 ng/ml (Sigma Chemical Co.) or DNA at 25 g/ml.
Ratiometric fluorescence microscopy, pH measurements, and endosomal pH manipulation. Cellubrevin-pHluorin (pH-sensitive green fluorescent protein [GFP]) was from J. Rothman (43) . Cells were transfected with 1 g/ml DNA using Lipofectin for 6 h at 37°C, 5% CO 2 . Ratiometric fluorescence microscopy was carried out using an Olympus IX-70 microscope and Olympix KAF1400 charge-coupled-device camera (LSR). The ratio of emission at 508 nm upon excitation at 410 nm versus 470 nm and calibration curves were generated as previously described (52, 53) . For pH normalization, cells were grown in the presence of 0.1 mM chloroquine, as previously described (52, 53) .
NF-B nuclear translocation assay and confocal microscopy. Respiratory cells were seeded in a 24-well plate and 18 to 22 h later incubated in serum-free culture medium for an additional 21 h. Cells were stimulated for the indicated times with medium alone (control), 20 ng/ml TNF-␣, or 25 g/ml PAO1 DNA. Cells were washed three times with phosphate-buffered saline (PBS), fixed with 2% paraformaldehyde for 20 min, washed three times with PBS, permeabilized with 0.2% saponin for 5 min, washed three times with PBS, blocked for 30 min, and incubated with monoclonal antibodies against p65 NF-B (Santa Cruz) overnight. Slides were washed three times with PBS, incubated with a secondary anti-mouse fluorescein isothiocyanate-conjugated antibody, washed, incubated with 300 nM 4Ј,6Ј-diamidino-2-phenylindole (DAPI; Molecular Probes) for 5 min, and finally washed and mounted in mounting medium and examined by confocal microscopy using a Zeiss 510 META microscope. Overlaps between DAPI and NF-B stains were scored as positive nuclear translocation events.
IL-8 and RANTES assays.
To analyze IL-8 protein expression, 2 ϫ 10 4 cells/ well (IB3-1, S9, or NHBE cells) or 1.5 ϫ 10 4 cells/well (CuFi1) were seeded in 96-well plates, and 18 to 22 h later cells were incubated with serum-free growth medium for 21 h (IB3-1 and S9 cells) and then cultured in the presence and absence of 20 ng/ml human TNF-␣ (Sigma Chemical Co.), 10 ng/ml P. aeruginosa LPS (Sigma Chemical Co.), 5 to 30 g/ml DNA, or 3 M CpG oligonucleotides for the specific indicated time. CuFi1 and NHBE primary cells were stimulated 18 to 22 h after seeding them, using the growth medium with supplements. After culture, IL-8 was measured in supernatants using an enzyme-linked immunosorbent assay (ELISA) kit for IL-8 (R&D Systems, Minneapolis, MN). ELISAs were performed according to the manufacturer's protocol. When indicated, preincubation (1 h at 37°C) of DNAs or LPS with 10 g/ml polymyxin B (Sigma Chemical Co.) was used to abrogate the effect of LPS. When indicated, 15 g/ml cycloheximide was added to cells 2 h before stimulation. When indicated, the MAPK inhibitors were added to cells 2 h (SB203580 and PD98059 [Calbiochem]) or 30 min (SP600125 [A.G. Scientific, Inc., California]) before stimulation at the indicated concentrations. When indicated, 20 M chloroquine (Sigma Chemical Co.) or 30 and 300 nM bafilomycin A1 (Calbiochem) was added to the cells 30 min before stimulation. RANTES was assayed using culture supernatants from 2 ϫ 10 4 cells/well seeded in a 96-well plate for 18 to 22 h. Adherent cells were incubated in serum-free growth medium for 21 h and then cultured in the presence and absence of 20 ng/ml human TNF-␣, 25 g/ml PAO1 DNA, or 3 M oligonucleotides for 24, 48, or 72 h. RANTES was measured in supernatants using a human RANTES/CCL5 ELISA kit (Biosource International, Camarillo, CA).
Statistical analysis. Experiments were repeated 3 ( Fig. 1A and B, 2A, 3A and C, 5, 6, 7A and 8A and B), 6 (Fig. 1C, 3B , and 7B), 9 ( Fig. 2B ), or 10 times (Fig.  8C and D) . All the statistical analyses were performed using Fisher's protected 
RESULTS
Pseudomonas aeruginosa DNA stimulates IL-8 secretion in CF respiratory epithelial cells. Total DNA was prepared from P. aeruginosa and tested for effects on IL-8 secretion by lung epithelial cells. IB3-1 bronchial epithelial cells, derived from a CF patient carrying CFTR mutations ⌬F508 and W1282X, were incubated with PAO1 DNA. This resulted in stimulated secretion of IL-8 relative to resting cells (Fig. 1A) . Human DNA, extracted from respiratory epithelial cells, used at the same concentration did not stimulate IL-8 secretion (Fig. 1A) . To rule out the possibility that it was the LPS contamination in the DNA preparation that stimulated IL-8 secretion, we incubated IB3-1 cells with P. aeruginosa LPS for the same amount of time. P. aeruginosa LPS did not stimulate cells to secrete IL-8 (Fig. 1A) . This was further supported by experiments in which polymyxin B was added to P. aeruginosa DNA, to block any contaminating LPS effects. As shown in Fig. 1B , the ability of P. aeruginosa DNA to induce IL-8 secretion in IB3-1 cells was not affected by coincubation with polymyxin B. However, polymyxin B decreased IL-8 secretion in response to Escherichia coli DNA (low GC content) to control levels (Fig. 1B) .
With increasing amounts of P. aeruginosa DNA, from 5 to 30 g/ml, IL-8 secretion was stimulated in a dose-dependent manner (data not shown). Since stimulation with 25 g/ml gave maximal induction, this was used as the standard concentration in all subsequent experiments.
We next tested whether genetically matched CF and CFTRcorrected cells had different responses to P. aeruginosa DNA. S9 cells, which are IB3-1 CFTR-corrected cells (16) , responded at levels similar to the parental CF cells (IB3-1) upon stimulation with P. aeruginosa DNA (Fig. 1A, inset) . TNF-␣ also elicited similar amounts of IL-8 in IB3-1 and S9 cells (4,500 Ϯ 254 versus 4,566 Ϯ 512 pg/ml of IL-8). S9 cells, like IB3-1 cells, did not respond to human DNA or to P. aeruginosa LPS (Fig.  1A, inset) .
To show that DNA was responsible for our observations, P. aeruginosa DNA preparations were pretreated with DNase I prior to evaluating IL-8 secretion in IB3-1 cells. Treatment with DNase I abrogated the stimulatory effect of the P. aeruginosa DNA preparation (Fig. 1C) . As the known receptors for bacterial DNA (e.g., TLR9) specifically recognize nonmethylated CpG motifs in DNA (30), we pretreated DNA with CpG methylase to convert the CpG motifs in P. aeruginosa DNA to their methylated form. Figure 1C shows that CpG methylation decreased the response to P. aeruginosa DNA.
To examine whether P. aeruginosa DNA stimulates IL-8 secretion in respiratory epithelial cells in general, we tested additional primary cells and cell lines. CuFi1, a cell line derived from a patient homozygous for CFTR ⌬F508 (70), also responded to P. aeruginosa DNA by increasing IL-8 secretion (Fig. 2A) . The response to P. aeruginosa DNA preparations was comparable to the response to TNF-␣. Just like IB3-1 cells, CuFi1 did not respond to human DNA ( Fig. 2A) .
We next tested the response in primary, NHBE cells. NHBE cells showed increased IL-8 secretion after P. aeruginosa DNA stimulation, albeit to a lesser extent than IB3-1 and CuFi1 cells, but responded effectively to TNF-␣ stimulation (Fig. 2B) .
DNA preparations from mucoid or nonmucoid P. aeruginosa display similar IL-8 stimulatory potential. We next compared DNA preparations from mucoid alginate-overproducing P. aeruginosa (PA578I) and its nonmucoid ancestral strain (PAO1), since conversion to mucoidy is a well-recognized pathogenic determinant of P. aeruginosa expressed in CF and associated (24) . DNA preparations from mucoid and nonmucoid P. aeruginosa elicited similar IL-8 levels in all cells tested ( Fig. 1 and 2 ). P. aeruginosa DNA engages a signaling pathway independent of NF-B activation. The conventional mechanism of IL-8 increase upon stimulation with CpG DNA is activation of an NF-B pathway following TLR9 engagement (5, 32) . To test whether NF-B was involved in stimulation of IL-8 production in response to P. aeruginosa DNA, IB3-1 cells were transfected with an NF-B-luciferase reporter and NF-B-dependent promoter activation was monitored in response to Pseudomonas DNA. Unexpectedly, NF-B was not activated by P. aeruginosa DNA at 2, 4, 6, 8, or 24 h, while a typical strong NF-B response was observed upon activation with TNF-␣ (Fig. 3A) . NF-B activation was not detected, although increased levels of IL-8 were detected in the supernatants (data not shown). As AP-1 is another important transcriptional activator of the IL-8 promoter, we tested whether an AP-1 induction pathway was responsible for IL-8 production/secretion. IB3-1 cells were transfected with a pAP-1-luciferase reporter plasmid and stimulated with P. aeruginosa DNA. As is the case with NF-B, P. aeruginosa DNA did not activate pAP-1 at 2, 4, 6, 8, or 24 h (Fig. 3B ). This contrasted with the positive control, consisting of cells cotransfected with MEKK, which showed a strong AP-1:luc activation (Fig. 3B ).
Finally, we tested the entire previously characterized IL-8 promoter, containing all known regulatory sites that control IL-8 transcription (including NF-B and AP-1 sites) (32). IB3-1 cells were transfected with the IL-8 promoter-luciferase reporter plasmid and then stimulated with P. aeruginosa DNA for 2, 4, 6, 8, or 24 h. As with individually tested NF-B and AP-1 probes, we did not detect transcriptional activation of the IL-8 promoter upon stimulation with P. aeruginosa DNA, albeit the promoter responded to TNF-␣ as expected (Fig. 3C) .
NF-B activation could not be detected by a variety of assays (not shown). This included absence of p65 translocation to the nucleus upon DNA stimulation, in contrast to the positive control with TNF-␣ (Fig. 4) . The p65 polypeptide is a member of the Rel/NF-B family of proteins and is considered to be a strong activator when present in dimeric complexes that constitute active, DNA-binding forms of NF-B (60).
P. aeruginosa DNA activates IL-8 in a protein synthesisdependent manner. We next tested whether the increased IL-8 secretion was dependent on protein synthesis. For this purpose, we stimulated IB3-1 cells with P. aeruginosa DNA in the presence or absence of 15 g/ml cycloheximide, which acts as a protein synthesis inhibitor. We selected 2 h as the time to monitor IL-8 levels, due to the previously described cycloheximide superinduction phenomenon, manifested as a paradoxical increase in IL-8 production upon treatment with this pro- tein synthesis inhibitor, which occurs by mRNA stabilization and/or enhancing transcription (data not shown) (7, 56) . IL-8 secretion after 2 h of incubation in the presence of P. aeruginosa DNA was reduced to the basal level in the presence of cycloheximide (Fig. 5) . A small enhancement in the control sample is a reflection of the superinduction phenomenon, which was more pronounced at later times (data not shown). P. aeruginosa DNA stimulation of IL-8 production depends on MAPK signaling. Secretion of a number of cytokines (including IL-8) can be stimulated by MAPK via posttranscriptional regulatory mechanisms (22, 35, 69) . We tested whether MAPK signaling was involved in the IB3-1 cell response to P. aeruginosa DNA by using specific inhibitors for the three classical MAPK pathways: p38, ERK, and JNK. Figure 6A shows that SB203580, a specific inhibitor of p38, decreased IL-8 secretion stimulated by P. aeruginosa DNA in IB3-1 cells. Also, PD98059, a specific ERK inhibitor, decreased DNA-stimulated IL-8 secretion. In contrast, inhibition of JNK with SP600125 did not affect P. aeruginosa DNA stimulation of IL-8 secretion. A similar pattern of inhibition was observed in S9 (Fig. 6B) . The actions of p38 and ERK inhibitors were partially additive (Fig. 6C) . Differential induction of chemokine secretion in human respiratory epithelial cells in response to CpG oligonucleotides and P. aeruginosa DNA. We next attempted to clarify whether TLR9 responses are functional in human respiratory epithelial cells by using the well-defined CpG oligonucleotide ligands for TLR9. Applying three different classes of CpG oligonucleotides, we found that they did not activate NF-B (data not shown) and they also did not stimulate IL-8 secretion (Fig.  7A) . Since it has been recently described (33) that TLR7 and TLR9 can induce type I interferons (IFN-␣/␤) via an IRFdependent pathway that can moreover interfere with NF-B activation, we analyzed secretion of RANTES as a type I IFNstimulated chemokine (12) . Secretion of RANTES was detected in IB3-1 cells stimulated for 72 h with 3 M CpG oligonucleotides (classes B and C, but not A) (Fig. 7B) . RANTES secretion was not stimulated by CpG ligands at 24 h, and it was only mildly stimulated at 48 h (data not shown), as expected from the type I IFN response. Conversely, PAO1 DNA did not stimulate RANTES secretion in IB3-1 cells at 24, 48 (data not shown), or 72 h (Fig. 7B) , but it did stimulate IL-8 secretion (Fig. 7A) , as discussed above.
IL-8 secretion in response to P. aeruginosa DNA stimulation is affected by organellar acidification. Bacterial DNA recognition by host cells depends on endosomal acidification (26, 29, 40) . We tested whether the response to P. aeruginosa DNA can be affected by modulating endosomal acidification. Chloroquine, a weak base which diminishes CpG signaling by neutralizing endosomal pH (26, 29, (66) (67) (68) , and bafilomycin A1, an inhibitor of the vacuolar H ϩ pump, were used to treat cells during stimulation with P. aeruginosa DNA. The data shown in Fig. 8A and B indicate that IL-8 secretion by IB3-1 cells in response to P. aeruginosa DNA was decreased when organellar acidification was blocked. Using pH-sensitive GFP targeted to endosomal compartments (43, 53) , we examined the pH of endosomes in IB3-1 cells treated with chloroquine and determined that the endosomal pH was increased from 6.3 Ϯ 0.1 to 6.7 Ϯ 0.1 (Fig. 8C and D) .
DISCUSSION
Inflammation in the CF lung is a neutrophil-dominated event. The respiratory epithelium is believed to play an important role, since CFTR is primarily expressed in epithelial cells (57) . The epithelium may regulate neutrophil recruitment via production of IL-8 (41), although intrinsic abnormalities in IL-8 secretion by CF epithelia have been questioned by others (6) . IL-8 is a potent activator and chemoattractant of neutrophils and is secreted by epithelial cells in response to a variety of stimuli (32) . Here we report that DNA released from P. aeruginosa acts as a potent stimulator of IL-8 production by human respiratory epithelial cells.
The IL-8 response in human respiratory epithelial cells in our experiments is most likely specific for P. aeruginosa DNA. (i) DNase I treatment decreased stimulation to the basal level.
(ii) P. aeruginosa LPS was not a stimulus contaminating DNA preparations, because polymyxin B did not block P. aeruginosa DNA stimulation. We also observed that LPS purified from P. aeruginosa did not elicit IL-8 secretion in airway epithelial cell lines. (iii) It seems highly unlikely that the response observed in our studies was due to contamination with lipopeptides (20) , flagellin (10, 14) , or pilin (14) , because all of these PAMPs activate NF-B and P. aeruginosa DNA did not do so in our experiments. (iv) Alginate as a contaminant could not be a contributory factor because we did not see any difference between DNA preparations from mucoid or nonmucoid Pseudomonas strains. Moreover, a previous report showed no IL-8 secretion by alginate-stimulated airway epithelial cells (10) . (v) Pseudomonas autoinducer could not be present as a contaminant in the concentration necessary to induce IL-8 secretion (more than 10 M), because PAO1 cultures in stationary phase contain ϳ5 M of Pseudomonas autoinducer (14, 50) . (vi) Pyocyanin is not a likely contaminant inducing IL-8 secretion, since pyocyanin increases IL-8 secretion by inducing IL-8 transcription (13) and we did not detect transcriptional activation of the IL-8 promoter.
The concentration of P. aeruginosa DNA that elicited the maximum IL-8 secretion in 24 h was 25 g/ml. This corre- CFU/ml, a bacterial load that can be found in CF patients (51) . Although the total DNA concentration in bronchoalveolar lavage fluids in CF patients is 17.6 Ϯ 11.2 g/ml (mean Ϯ standard deviation) (54), most likely including human neutrophil and bacterial DNA (37), the local concentration of bacterial DNA in contact with epithelial cells may be higher due to bacterial adhesion or biofilm formation. Significantly, DNase I treatment decreased P. aeruginosa DNA-dependent stimulation of IL-8 secretion in our studies. These results support the benefits of treatments in CF with agents that degrade DNA. For example, Dornase alpha, a recombinant human DNase, has been shown to improve lung function and reduce the number of pulmonary exacerbations in patients with CF (31, 49) . Dornase alpha effects have been attributed to facilitated expectoration upon reduction of mucus viscosity due to degradation of DNA released from dead neutrophils (49, 54) . In the present report, we show that degradation of P. aeruginosa DNA may be a component of the beneficial action of Dornase alpha by decreasing its contribution to proinflammatory action (49, 59 ).
In vitro CpG methylation of P. aeruginosa DNA diminished its ability to stimulate IL-8 secretion in our experiments. These observations indicate the possibility that the TLR9 signaling pathway may be involved. To examine TLR9 functional signaling in IB3-1 cells, we stimulated airway epithelial cells with several CpG oligonucleotides (classes A and B) at the most commonly used concentration, 1 M, but we could not see any NF-B activation or IL-8 secretion upon 24 h of stimulation. Greene et al. showed a low-level increase of IL-8 secretion after 48 to 72 h of stimulation with high concentrations (15 M) of CpG oligonucleotide (25) . Nevertheless, in concurrence with our findings, Greene and colleagues reported that IL-8 secretion was stimulated by CpG oligonucleotides in a CF tracheal epithelial cell line in a process independent of NF-B activation (25) . In keeping with these and our observations, a CpG-dependent increase of IL-8 secretion in human colonic epithelial cells has been shown to be NF-B independent and MAPK dependent (3) .
Our results with a lack of activation of the IL-8 promoter in the luciferase assay and P. aeruginosa DNA stimulation of IL-8 secretion by airway epithelial cells in a p38-and ERK-depen- -up table corresponds to pH values in panels C and D. Ratiometric analysis was carried out as previously described (52, 53) . n ϭ 10; P ϭ 0.0488 (ANOVA). (22, 35) . The MAPK p38 can also participate in derepression of translation via these elements (39, 69) . ERK has been involved in transport from the nucleus to the cytoplasm of cytokine mRNA (15) . According to our results, it seems possible that IL-8 secretion is being stimulated by P. aeruginosa DNA in airway epithelial cells by inducing posttranscriptional mechanisms akin to the ones listed above. Furthermore, exocytosis induction of the preformed IL-8 protein, via p38 and ERK pathways, may also be taking place (11, 44) . P. aeruginosa DNA stimulation was partially sensitive to chloroquine and bafilomycin A1, compounds that block endosomal acidification essential in TLR9 signaling (26, 29, 40, (66) (67) (68) . It has been demonstrated that organelles are hyperacidified in CF respiratory epithelial cells, including endosomal compartments (52, 53) . Taking this into account, along with the fact that endosomal acidification is requisite to CpG signaling via TLR9 (26, 29, 40) and that airway epithelial cells express a variety of TLRs, including TLR9 (3, 25, 29, 46, 51) , we anticipated that CF cells might respond more than non-CF cells to the GC-rich P. aeruginosa DNA. However, this turned out not to be the case. Nevertheless, IL-8 secretion stimulated by P. aeruginosa DNA was affected by blockers of endosomal acidification.
Collectively, our experiments show that human respiratory epithelial cells respond to P. aeruginosa DNA by secreting IL-8. Our findings suggest that P. aeruginosa DNA-stimulated secretion of IL-8 by human respiratory epithelial cells represents a protein synthesis-dependent process, independent of NF-B activation and transcriptional activation of IL-8. In spite of the ability of human respiratory epithelial cells to respond to typical CpG TLR9 ligands, the pattern of RANTES induction by CpG oligonucleotides versus IL-8 by P. aeruginosa DNA strongly suggests activation of two separate pathways: (i) type I interferon pathways in the former process and (ii) p38 and ERK pathways in the latter. Significantly, the signaling involved in P. aeruginosa DNA-elicited IL-8 secretion depends on endosomal acidification, based on a partial inhibitory effect of chloroquine and pharmacological blockers of vacuolar H ϩ -ATPase. Our findings suggest that elimination of bacterial DNA by DNase treatment and use of lysosomotropic drugs may help decrease inflammation in CF.
